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Tämä lopputyö tehtiin Promeco Group Oy:n sisäiselle suunnitteluorganisaatiolle. 
Toimeksiantona oli selvittää mahdollisuuksia moduloida ohutlevystä valmistetta-
via asiakasräätälöityjä lämmöneristysratkaisuja. Haasteena ovat tuotteet, jotka rää-
tälöidään aina projektikohtaisesti, ja joissa asiakkaan käyttämien komponenttien 
positiot sekä toimilaitteet vaihtelevat. Opinnäytetyö on tehty englanninkielisenä, 
koska toinen Promeco Group:in suunnitteluyksiköistä sijaitsee Puolan Gości-
cinossa. Koska opinnäytetyön käytännön osuus sisältää asiakkaan luottamuksellis-
ta valmistusdataa, vain teorian osuus opinnäytetyöstäni tullaan julkaisemaan.   
Työ koostuu kahdesta osiosta. Ensimmäisessä osiossa käsitellään työssä käytettä-
vää teoriaa. Alussa käydään läpi tuotekustomointia ja sitä, että voidaanko kusto-
moitavia tuotteita lähestyä moduloinnin kannalta. Teoriaosiossa käydään tarkem-
min lävitse tuotteen moduloinnin peruskäsitteet sekä tuotteen modulointiin tarvit-
tavat lähtökohdat sekä menetelmät. Myös DFMA:n peruskäsitteet yleisesti läpi, 
koska kokoonpano- ja valmistusystävällisyys vaikuttaa toimivan ohutlevystä val-
mistetun moduulin suunnitteluun sekä jatkuvaan kehitykseen. Työn teoriaosuus 
toimii pohjana toiselle osiolle, eli työn käytännönosuudelle. Toisessa osiossa to-
teutetaan valitun osakokonaisuuden suunnittelu jossa sovelletaan läpikäytyä teori-
aa työn rajoittamien mahdollisuuksien puitteissa. 
Työn lopputuloksena olivat teoriapohja tuotteen moduloinnille, ohutlevyiksi mal-
linnettu tuotteen osakokonaisuus, jossa oli käytetty pohjana modulaarisen tuotera-
kenteen muodostamista ja periaatteita sekä ehdotelma modulaarisen tuoteraken-
teen toteuttamiseen kyseisille tuotteille.  
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The thesis was made for Promeco Group Ltd internal designing organization. The 
assignment was to make a research for possibilities to modularize custom-made 
insulation solutions, which are made from sheet metal. The challenge is the high 
level of product customizing, caused from variable positions of components and 
used actuators in customer given environments. The thesis was written in English, 
because Promeco has a design unit also in Gośicicino, Poland. Only the theoreti-
cal part of this thesis will be published because the practical part contains confi-
dential customer manufacturing-data. 
The thesis is divided into two part. The first part deals theoretical information 
about the thesis subjects. At the beginning of the first part, there is an overview on 
product customizing and a survey if customized products can be modularized. In 
the theoretical part, the basics, methods and qualifications of product modulariz-
ing are viewed more specifically. DFMA were also looked into in this thesis. 
DFMA helps to develop functional, assembly- and manufacturing friendly mod-
ule. The theoretical part forms the core to the practical part, where a selected sub-
assembly is implemented by using viewed methods in the theoretical part within 
the restrictions of this work.  
The results of the thesis were a theoretical base for product modularization, a 
modelled sheet metal subassembly, where methods and principals of forming a 
modular product structure has been used and a suggestion how to implement 
modular product structure for these products.  
 
 
 
 
 
 
 
 
 
Keywords Customization, modularization, sheet metal, DFMA 
  1(37) 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS 
TIIVISTELMÄ 
ABSTRACT 
LIST OF ABBREVIATIONS 
LIST OF APPENDICES 
1 INTRODUCTION ............................................................................................ 5 
1.1 Thesis Limitations ..................................................................................... 6 
1.2 Target Settings for Theoretical- and Case Part ......................................... 6 
1.3 Promeco as a Company ............................................................................. 7 
2 PRODUCT CUSTOMIZATION ...................................................................... 8 
2.1 Engineer-to-order (ETO) products ............................................................ 8 
2.2 Mass Customization .................................................................................. 9 
3 MODULARIZATION .................................................................................... 12 
3.1 What Is Modularization?......................................................................... 13 
3.2 Qualifications to Modularization ............................................................ 14 
3.3 Modularization Types ............................................................................. 15 
3.4 Modular Product Structure ...................................................................... 18 
3.4.1 Product Architecture ................................................................... 19 
3.5 Module Drivers ....................................................................................... 20 
3.6 Modular Function Deployment (MFD) .................................................. 22 
3.7 Advantages and Challenges of Product Modularization ......................... 25 
4 DESIGN FOR MANUFACTURE AND ASSEMBLY (DFMA) .................. 27 
4.1 DFMA-Design ........................................................................................ 28 
4.2 Design for Assembly (DFA) ................................................................... 30 
4.3 Design for Manufacture (DFM) .............................................................. 32 
5 CONCLUSIONS ............................................................................................ 34 
REFERENCES ...................................................................................................... 36 
APPENDICES  
  2(37) 
LIST OF ABBREVIATIONS 
CAD     Computer Aided Designing 
DFA     Designing For Assembly 
DFM     Designing For Manufacture 
DFMA     Designing For Manufacture and Assembly 
ETO     Engineer-To-Order 
JIT     Just-In-Time 
MFD     Modular Function Deployment 
MIM     Module Indication Matrix 
PDM     Product Data Management 
PLM     Product Lifecycle Management 
PU     Production Unit 
QFD     Quality Function Deployment 
R&D     Research And Development 
SOLAS    Safety Of Life At Sea 
 
  
  3(37) 
LIST OF FIGURES AND TABLES 
Figure 1. Promeco logo 7 
Figure 2. Organization value chain. 10 
Figure 3. Effects in the value chain when products and services are standardized 
and modularized. 11 
Figure 4. Customized but modularized. 11 
Figure 5. Modularization types. (Replicator 2016) 15 
Figure 6. Choosing modules by sharing the product into functions and function 
modules. (Sarinko 1999) 17 
Figure 7. Modular system, product platform and product variants. 18 
Figure 8. Product architecture defining by using function- and component blocks.
 19 
Figure 9. A Modular architecture with one to one mapping from functional to 
physical elements. (Ulrich 1995) 19 
Figure 10. An integral architecture with complex mapping from functional to 
physical elements. (Ulrich 1995) 20 
Figure 11. QFD-matrix 22 
Figure 12. Modular Indication Matrix (MIM). 24 
Figure 13. “Throwing over the wall”. (Boothroyd et al. 1994) 27 
Figure 14. DFMA-Process 29 
 
Table 1. Modular types and systems. 15 
Table 2. Example from module classification. 16 
Table 3. The most common used module drivers. 21 
 
 
 
 
 
 
 
 
 
 
 
 
  4(37) 
 
LIST OF APPENDICES 
CASE STUDY (not published) 
  
  5(37) 
1  INTRODUCTION 
This thesis was made for Promeco Group Ltd internal designing unit Promeco 
Engineering Finland, where I work as a mechanical designer trainee. 
The Engineering Finland unit is located in Promeco PU Vaasa.  One of the main 
products that Promeco PU Vaasa manufactures, are heat insulation panels from 
sheet metal. Panels are designed for marine and power plant power generation en-
gines exhaust pipes and turbochargers area. At this moment most of the work of 
the R&D units is these custom-made insulation solutions. In addition, most of the 
designed insulations need to meet the SOLAS-requirements. This means that the 
temperature of insulations outer surface must not be greater than 220C, so that 
the fuels and oils does not start a fire if they are ended into the surface of insula-
tions. Because insulation panels are made basically with the same kind of solu-
tions and have same requirements, there is a place and need for standard compo-
nents. 
The task of thesis was to do a research on modularization and evaluate how 
above-mentioned insulations can be modularized. The thesis also contains a prac-
tical part, where a selected part of the whole insulation is modelled by using mod-
ularization and DFMA-methods. 
Modularization gives possibilities to divide the whole product in clear entities and 
in this way give more pre-designed solutions for customer given projects. It is also 
one way to shorten the design process. When there are more pre-designed solu-
tions, standardized parts and components, the customer can be served more rapid-
ly and efficiently. R&D can also save time in basic designing work and there 
would be more time left for developing work. The challenge for component 
standardization and modularization is customers various engine environments 
with all different configurations and actuators. Now the insulation solutions are 
highly custom-made and roughly 90 % of the components are new designs.  
Only the theoretical part of this thesis will be published, because the case part 
contains confidential information on customers and Promeco designs. The thesis 
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structure is divided into two parts, so the modularization case can be easily cut off 
from the published part.  
1.1 Thesis Limitations 
This thesis includes a research and developing work from a sheet metal manufac-
tured insulation panel modularization. The practical part focuses only on one se-
lected sheet metal subassembly modelling, where the theoretical research con-
ducted is used as a reference.  
1.2 Target Settings for Theoretical- and Case Part 
In theoretical part product customization and the modularization of customized 
products are first explained. In the customization section the product modulariza-
tion is approached from the engineer-to-order (ETO) product and mass customiza-
tion point of view. The purpose in this is to give a point of view how to approach 
and start the modularization of customized products. In the modularization section 
the idea and principals how the product modularization process should be proceed 
are looked into. Because design for manufacturing and assembly (DFMA) have 
many same aspects with modularization and both concepts are heading for a sim-
ple and clear product structure, it was included this thesis. Designed Insulations 
are sheet metal products and there are limitations in shapes and manufacturing 
processes which are used in manufacturing, and they must be recognized in sheet 
metal designing. This is also another reason for including DFMA as a part of the 
thesis.  
In the case part a proposal for module was designed to be used in the specified 
part of insulation. The basis of the theoretical research was applied in the module 
development. The result of the case is meant to give a reference for the modulari-
zation work of the insulation products. 
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1.3 Promeco as a Company 
Promeco Group Ltd was founded in 2009 when three metal- and electro metal 
subcontractors merged. These companies were KMT Group in Kankaanpää, VM 
Group in Vaasa and JAT-asennus in Jämijärvi and Hämeenkyrö (talouselämä). 
Promeco Group Ltd is a big subcontractor of metal- and electromechanical indus-
try who can offer R&D, product testing, manufacturing and assembling to its cus-
tomers. Promeco has nowadays facilities in Kankaanpää, Hämeenkyrö, Vaasa and 
Gościcino, Poland.  
Promeco is profiled as a worldwide acting electromechanical system- and service 
supplier. Promeco can offer to its customer’s product design and production- and 
installation services. The revenue of the consern was 2014-2015 about 60 million 
euros and it employs circa 350 persons. (Promeco 2016) 
 
Figure 1. Promeco logo 
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2 PRODUCT CUSTOMIZATION 
“Instead of taking hit-or-miss approach, successful companies customize their 
goods and services only where it counts.” (Gilmore & Pine 1997). This sentence 
summaries the opportunities and risks in product customization.  
Globalization has increased competition from customers in every sector of mar-
kets. Customers are well aware what products and services there are available and 
in which price. Customers have become more assertive and often they want to 
customize product outfit and functions so that the product meets their own re-
quirements as much as possible. In the current market situation, where competi-
tion from customers is hard, the company probably does not manage in the long 
run when it uses the same methods from year to another. (Sarinko 1999)Product 
customization gives a big challenge to companies how to satisfy customer with 
richer variety of products and at the same time to be able reducing costs, so the 
company is competitive referring to other suppliers. (Sarinko 1999, Lagu 2012) 
In this case Promeco has already taken the challenge. At the moment Promeco 
delivers highly customized insulation products to its customers. This have pre-
sented new challenges to be solved. When products are made engineer-to-ordered 
(ETO) and highly customized, it increases the lead-time in design, manufacturing-
data handling and manufacturing itself. By standardizing parts of product struc-
tures and components, the overall process is easier to manage and handle.  This 
also helps the customers to understand what they get when they order the product. 
2.1 Engineer-to-order (ETO) products 
Engineer-to-order (ETO) products are so called for one-of-a-kind products.  In a 
company where engineer-to-order products are manufactured, the type of product 
and customer special requirements determine how the product is designed and 
manufactured. These products are highly customized and made for customer spec-
ified need. In ETO the customer participates highly in design and manufacturing 
by defining the specifications requirements of the product. (Arena 2016) 
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Challenges in the ETO-product manufacturing process is that the whole process 
has a long lead-time caused by designing work, new component manufacturing 
and supply times. (Ahlberg & Qvick 2015) The whole ETO-process is quite chal-
lenging, especially when the product type stays similar, but the requirements vary 
in each product. In these cases the customer sees the same kind of product, alt-
hough the product has been highly customized and made of unique components. 
To ease cost management, scheduling and capability to serve the customer more 
efficient, the company should think how to standardize part of these customized 
products.  
2.2 Mass Customization 
Mass customization is usually linked in custom-based collect and assemble or 
choose and order operation. Good examples are making your own computer from 
selected components or buying a new car with enhancements. 
The easiest way to start mass customizing is to start customizing products around 
standard components. Thus, mass customization principals can also be fitted in 
ETO-product designing and manufacturing (Ahlberg & Qvick 2015, p.8) Joseph 
Pine has defined the principal of mass customization in the following way “De-
veloping, producing, marketing and delivering affordable goods and services with 
enough variety and customization that nearly everybody find exactly what they 
want.”  . The aim of mass customization is to produce customized product with 
the price of a mass production product. In an ideal situation a mass customized 
product lies between mass product and a one-of-a-kind product. The goal is to 
stabilize process and offer more product varieties for customers. 
(Massaräätälöinnin toimintamallin kehittäminen 2006)  
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There are five methods to implement mass customization (Pine 1993, p.171) 
 Customize services around standardized products and services 
 Develop and offer customizable products and services 
 Customize in a point of deliver  
 Provide quick response throughout the value chain  
 Modularize components to customize end products and services  
None of these mentioned methods is entirely unambiguous and many times they 
overlap with each other. In some cases all methods can be used inside same com-
pany. These five methods affect in the company’s key functions. (Figure 2) 
 
Figure 2. Organization value chain. 
When the company implements mass customization methods in ETO-products, 
the main focus should be in shortening lead-times in every function in the value 
chain. By fastening the whole process, the company can achieve significant cost 
savings. There are estimates that reducing 40 % from the process spend time, 25 
% savings in costs can be achieved. (Ahlberg & Qvick 2015, p.9) By standardiz-
ing and modularizing used components, products and processes lead times of the 
products and processes can be reduced in the whole value chain (Figure 3).  
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Figure 3. Effects in the value chain when products and services are standardized 
and modularized. 
 
 
Figure 4. Customized but modularized. 
 
Sometimes a picture can tell you more than a thousand words. As the picture 
shows, customizing can be made from standard components e.g. Lego blocks. The 
challenge is to create these blocks which meet the specified customer require-
ments and have functionalities which can be used in various configurations. This 
is the challenge what comes ahead when customized products are modularized. It 
is important to define carefully the level of modularization before decisions are 
made what is the level of modularization of these products. 
  12(37) 
3  MODULARIZATION 
All preceding theory in the customization section is intended to give a point of 
view and entering angle, how to approach modularization of Promeco manufac-
tured insulation solutions. The purpose is to prove that modularization can act a 
big role, even that products are customized by customer specifications. 
When customized products are produced, at some point the number of product 
variants increases and challenges to control these variants become hard to control. 
These internal product variants in the company are caused by product structures 
functional connections and - dependencies. Sometimes products are redesigned 
without actual requirement, instead reutilizing existing products. This increases 
also the number of variants. When problems appear with new variants, usually 
problems are solved rapidly without thinking effects further away. This increases 
again the number of variants and problems are starting to expand. (Österholm & 
Tuokko 2001, p. 6) 
Time is also an important factor in business competition. Lead times in every 
functions need to be reduced and overlapped. Reaction time has become an im-
portant factor in many business areas. (Österholm & Tuokko 2001)To reduce the 
lead-time in product development, products should be able to be designed simul-
taneously. This means that product can be divided in clear component units (mod-
ules). The final product is formed by these separately designed units. 
Modularization gives tools to handle variants more efficiently and make it possi-
ble to design the product concurrently from independent components by minimiz-
ing the need to constant communication between module designers or designer 
groups.  
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3.1 What Is Modularization? 
There are many ways and levels to implement product modularization, as well as 
the opinions what product modularization is and how it should be put into practice 
varies. The theses and researches made on product modularization emphasises dif-
ferent points of view and ways how to implement it to practice. (Sarinko 1999) It 
can be said that there is not one single way to implement modularization. Still, the 
basic idea of modularization is the same. The module is an independent unit 
which have predefined interfaces and it performs one or several functions in the 
product. 
In modularization the product is divided into separate independent units (mod-
ules). The modules have precisely defined and standard interfaces. This ensures 
that modules are easily connectable and replaceable. As mentioned before, with 
modularization the number of standard components can be increased and the con-
trol of product variants are controlled more efficiently. The difference between 
traditional standardizing, modularization does not strive to reduce the product 
family. When the product family is modularized, company has to recognize the 
specifications that different customer groups have set for products. It must be well 
defined which parts of the products are strategically necessary to variate. The aim 
is to achieve similar physical and functional structure for the products. Interac-
tions between modules need to be minimized with clear and standard interfaces. A 
situation, where two different modules share the same function should be avoid. 
Target is that one module carry out one or several functions independently. Be-
cause dependencies between modules have been minimized, the modules can be 
designed independently and it also enables fluent concurrent product designing. 
(Österholm & Tuokko 2001) 
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3.2 Qualifications to Modularization 
Forming the modular system is a strategic decision and it must be widely accepted 
inside the company. Pros and cons are need to be well considered before making a 
decision to start modularizing the products.  
Most profitable benefits from modularization can be achieved when: 
 There is need for big product flexibility 
 Product range is wide 
 Products are customer-oriented 
 Product development and production have long lead times 
 Product have lifecycle left 
 The cycle of production and product storage is slow 
 Volume is big enough 
 Products technical and functional level is good enough 
 Technical solutions of the product are not based on outmode technique 
 Similarity of the products is well enough 
It is important to recognize that not every product solution can be solved with 
modularization. In modularization decisions are always based on compromises. A 
modular system should be formed as flexible as possible so the system can be 
modified easily if necessary. Difference between modules and modular systems is 
that modules are customizable easily, but the system is usually not. (Sarinko 
1999) 
Modularization fits JIT (Just in Time) based production management. In the JIT 
process the products are made custom-based. Products are formed and assembled 
from the modules according to the customer requirements. Product modules can 
be divided into different production modules, where the modules are taken in to 
final assembly unit. 
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3.3 Modularization Types 
Modules can be divided in five different types (Figure 5). The mode of operation 
and function of the module determines the module type. 
 
Figure 5. Modularization types. (Replicator 2016) 
Modularity types can be divided either into open or closed system and into three  
Table 1. Modular types and systems. 
 
 
SYSTEM TYPE SYSTEM TYPE
Component-swapping Modularity
Component-sharing Modularity
Parametric/Cut-to-fit Modularity
Bus Modularity Bus Modularity
Open system Sectional Modularity Sectional Modularity
Closed system Place Modularity
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Used interfaces between the modules define which system type the module is lo-
cated. In Place Modularity, each modular type is mounted into the specified posi-
tion guided by the standard interface. Place modularity can be divided into three 
different types: 
 Component-Swapping Modularity, where at least two different component 
can be combined in to the same basic product. 
 Component-sharing modularity, where the same component can be used in 
many different product. 
 Parametric/Cut-to-fit modularity, where one or several standard compo-
nent are used with parametrically adjustable component. 
In Bus Modularity modules have standardized interfaces, which enables to com-
bine modules to the base module in several different positions. In Sectional 
Modularity system, product variants are formed from modules, which can be 
combined in many different ways with standard interfaces. Combine/Mix modu-
larity is the fourth type of Pace Modularity. It is a combine of all Place Modularity 
types, this why it is not defined specific modular type. (Österholm & Tuokko 
2001) 
There is also other ways to classify modules. For example importance, function 
and usage can be used as a guiding factor for module classification. Modules can 
divide either functional- or productional modules (Table 2). (Österholm & 
Tuokko 2001) 
Table 2. Example from module classification. 
 
 
FUNCTIONAL IMPORTANCE USAGE PRODUCTIONAL
Basic modules Common modules Equipment modules
Support modules Combining modules Combining modules
Fitting modules Adjustable modules
Special modules
Possible or optional 
modules
Extensional modules
Dis modules
Necessary modules
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Functional modules are defined logically by using the functions which the module 
carry out. As combined, the functional modules execute overall function (Figure 
7). (Sarinko 1999, p. 36) Dividing product into functional modules helps to start 
creating the modular structure. 
 
Figure 6. Choosing modules by sharing the product into functions and function 
modules. (Sarinko 1999) 
Modular product families should be based on a product platform, so that many 
derivative products can be created efficiently. The product platform contains the 
core competence and basic technical solutions which are used in all products of 
the product family. Developing product platforms, instead individual variants, in-
creases the ability to offer viable and right kind of products to the customers. The 
product platform consist of common modules. The variants are formed by the 
combination of common modules and variable modules (Figure 7). (Österholm & 
Tuokko 2001) 
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Figure 7. Modular system, product platform and product variants. 
3.4 Modular Product Structure 
With modular structure the product is divided into clear units. This gives a signifi-
cant benefit for quality improving, because modules can be tested and developed 
separately instead doing this for the whole product. Another significant benefit 
comes in cost accounting, because costs can be pointed accurately for the mod-
ules. The structure also helps to find “bottlenecks” in the product. When these 
spots are found in the product, the focus can be pointed in the right target and 
found problems can be eliminated. This intensifies product developing work.    
An important thing in the modular product structure is to make dependencies be-
tween modules as loose as possible. This helps the modification of single module 
in the future and prevents mutual dependencies in the module. As an opposite can 
be used a bottom-up designed product where the problems are formed from strong 
relations between components and laborious model editing caused by crossing 
relations inside the product.  
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3.4.1 Product Architecture 
A Product is a sum of the function/functions what it implement(s). Product archi-
tecture determines how the product can be changed during its lifecycle. To help 
forming a clear product structure, the product can be shared into functions which 
will mapped in to a physical components (Figure 8). (Lagu 2012) 
 
Figure 8. Product architecture defining by using function- and component blocks.  
Modular architecture maps one-to-one functional elements to physical compo-
nents (Figure 9) instead of dividing functional elements into several physical 
components so that crossing dependencies between functions and components are 
being formed (Figure 10). (Lagu 2012) 
 
Figure 9. A Modular architecture with one to one mapping from functional to 
physical elements. (Ulrich 1995) 
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Figure 10. An integral architecture with complex mapping from functional to 
physical elements. (Ulrich 1995) 
Decisions regarding product architecture and structure are claimed to be the most 
important decision taken in the companies which are making their own products. 
The best way to manage product architecture effectively is to use product plat-
forms and product modularization. (Lagu 2012) The main difference between a 
modular architecture and integral architecture is how functions are mapped to 
physical components. In the modular architecture components have specified de-
coupled interfaces caused by one-to-one mapping. In the integrated product archi-
tecture components have and/or coupled interfaces between each other because 
functions and component are mapped across. (Ulrich 1995) 
3.5 Module Drivers 
Product modularization is usually driven by module drivers. The drivers are clas-
sified to cover the whole product lifecycle. There are basic drivers which can be 
used in all product modularization cases without exception. The company can also 
form own its special drivers for its own strategic reasons. (Sarinko 1999) 
To recognize differences between drivers, they can be placed into a scale where 
similarities and differences can be easily figured out. The so called carry-over-
concept means that the module stays the same during the whole product lifecycle. 
Opposites of the carry-over-concept are planned design changes and technical 
evolution. The last mentioned concepts illustrate internal planned changes and ex-
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ternal based uncertainty. The level of module re-usage and prevalence can be tak-
en as strategic product platform designing.  In the table below are listed the most 
commonly used module drivers with short descriptions. Drivers are grouped ac-
cording to product lifecycle functions. (Österholm & Tuokko 2001) 
Table 3. The most common used module drivers. 
 
Designing and product development
Carry-over
Unit, which can be reused in the next product generations or which can possibly be used also in
other product families.
 Technical evolution / Technology push (External)
Unit, whose technology has been expected to change during the product family lifecycle. Changes 
can be caused by thorough changes of customer needs or technological improvements.
Planned design changes / Product planning (Internal)
Unit where changes been planned to make in accordance with internal decisions.
Variability
Technical specification
Unit whose functions or performance vary inside the product family products.
Styling
Unit whose color or/and shape varies inside the product family products.
Production
Common unit
Unit, which is used in every product family product.
Process / Organization
Unit where special manufacturing methods are required or which is suitable work entity for the
group. It can also form a suitable entity for transportation or handling, or the unit has deviant
production lead time compared to other units.
Quality
Separate testing
Unit which can or it should be tested separately before the final assembly.
Subcontracting
Supplier available
Unit which can be ordered separately from the subcontractor. The unit has a specialized supplier
which can supply it as an “black box” instead of individual components. The supplier can take
partly care of product development.
After sales
Service / maintenance
Unit which can be serviced and switched easily and rapidly during the product lifecycle.
Upgrading
Unit which can be replaced with another for better functions or performance.
Recycling
Unit to disposing of which should be paid extra attention, due to it containing hazardous waste or
other harmful materials or materials used in the unit are easily recyclable.
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3.6 Modular Function Deployment (MFD) 
The information in this chapter is based entirely on Jussi Österholm’s and Reijo 
Tuokko’s written publication, Modular Function Deployment (Österholm & 
Tuokko 2001) 
For product modularization there has been developed a systematic process called 
Modular Function Deployment (MFD).  The MFD-process is proceeding in five 
separate phases: 
 Phase 1: Clearing out the customer needs 
 Phase 2: Selection of technical solutions 
 Phase 3: Forming modular concepts 
 Phase 4: Evaluating modular concepts 
 Phase 5: Module-specific designing 
The purpose of the first phase is to make marketing segmentation and clarify the 
customer needs. It is also important to ensure that product features are matching 
with actual customer- and marketing needs. The method how to transfer customer 
needs into product features and design requirements is called Quality Function 
Deployment (QFD)-analyse. (Figure 11) 
 
Figure 11. QFD-matrix  
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In the QFD-matrix dependencies between product features and customer needs are 
evaluated. If the feature and the need correlate with each other and have strong 
relation, it will have nine (9) points. If the relation is weak, the relation receives 
one (1) point, and if there are no relations at all, the matrix cell will be leave emp-
ty. Used product feature values from the analysis can be used as a design parame-
ters during the following phases. In Figure 11, modularity has been chosen as a 
first product feature or a design requirement. This helps to get the right kind of a 
mind-set for the persons who are participating in the project. The analyse of the 
relationship between customer needs and modularization is also the first check-
point does the modular structure help to fulfil customer needs. 
The second phase in the MFD-process is the evaluation of technical solutions. 
This phase contains product functional structure forming (Figure 6), analysing – 
and selection of technical solutions. The functional analysis is important to be 
made, when the functional structure of the products is being formed and the most 
preferred technical solutions needs to be sorted out.  
Forming modular concepts is the third phase in MFD. This is the main phase of 
the process. Module Indication Matrix (MIM) is used as a tool in the modular 
concept forming (Figure 12). MIM has the same principle as that used in QFD. 
Technical solutions are evaluated to module drivers by weighted scale strong 
driver (9), medium driver (3) and some driver (1). The cell in the matrix will be 
left empty, if there are no interactions between the technical solution and module 
driver. Attend is to bring up the clear scope, in which technical solutions have 
some or many reasons to form a module together and in which solutions have the 
strongest reasons to be formed as an independent module. There is also an ideal 
quantity for modules which is good to take into consideration when technical so-
lutions are united and concepts are being formed. 
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Figure 12. Modular Indication Matrix (MIM). 
 
𝐼𝑑𝑒𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑀𝑜𝑑𝑢𝑙𝑒𝑠 =  √𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 
In the fourth phase modular concepts are being evaluated. When a number of 
concepts are formed for evaluation, many questions need to be answered. Here are 
some main issues: 
 Which one of the concepts should be selected? 
 What added value a new concept brings compared to the existing one? 
 What are the effects on product development and production? 
In the modular product structure, interfaces between modules are the most im-
portant issue to be considered. Module interfaces define the actual product and 
∑→
90
3
9
75
9
36
3
2
63
31
31 22 24 19 18 21 27 18 36 30 30 27 18
Service/maintenance
∑↑
Technical evolution (external)
Planned design changes (internal)
Tecnical specification
Styling
Common unit
Process/organisation
Separate testing
Supplier available
E
x
te
rn
al
 p
o
w
er
 s
u
p
p
ly
In
si
d
e 
b
o
d
y
W
at
er
 f
il
te
r
B
ac
k
fl
o
w
 p
ro
te
ct
io
n
B
at
te
ri
es
In
te
rn
al
 t
ra
n
sf
o
rm
er
 f
o
r 
co
n
ce
al
ed
 v
er
si
o
n
T
ec
h
n
ic
a
l 
so
lu
ti
o
n
s
Carry-over
Module drivers
S
en
so
r
P
il
o
t 
v
al
v
e
T
em
p
er
at
u
re
 c
o
n
tr
o
l
F
u
n
ct
io
n
 f
o
r 
d
is
co
n
n
ec
ti
n
g
 s
en
so
r
MIM (Module Indication Matrix)
M
ai
n
 v
al
v
e
S
p
o
u
t
T
er
m
in
al
 c
o
n
n
ec
ti
v
it
y
= Strong driver (9)
= Medium driver (3)
= Some driver (1)
  25(37) 
how flexible the product range is considering the variables. The following issues 
are main topics in modular concept evaluation process: 
 Product development lead-times depends on the complexity of module in-
terfaces. 
  Costs from product development depends on the mount of carry-over 
modules. 
 The capacity of product development and system costs depend on the 
amount of purchased modules. 
 Product costs depends on the complexity of product range. 
 Assembly lead-time depends on quantity of modules. 
 Quality depends on the number of separate testable modules. 
 Flexibility of variants depends on multiplier usage. 
 Service/maintenance depends on the functional purity of the module. 
 Recyclability depends on the mixture of materials in modules. 
In the fifth and the final phase of the MFD-process is the module-specific design-
ing, where the focus is on improving selected concept on the modular level. Dur-
ing this phase, each module has its own specifications which includes technical 
information, cost targets, planned changes for the future and the number of vari-
ants. After the modularization is done, its results need to be well documented. The 
documents should include all options and made solutions during MFD-process, so 
it is easy to sort out why selected structure has been adopted. 
3.7 Advantages and Challenges of Product Modularization 
Product modularization gives many advantages for the company. However, im-
plementing modularization successfully as a part of company strategic action, 
gives some challenges. 
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Below is a list of some advantages which can be obtained with modular product 
structure (Pahl & Beitz 1992, Sarinko 1999): 
 Clear product structure and easier PLM/PDM control. 
 Easier cost accounting. 
 Shorter delivery time. 
 Possibility to combine to dis-modules. 
  Modular product structure simplifies product development process and 
products can be developed in smaller entities.  
 Modules can be tested and developed as a separate unit. 
 Less faults due to separate module developing. 
 Modular product information and material flow is fluent. 
The biggest advantage to the company is the improvement of overall profitability 
in the order-deliver-process. This is achieved because designing has a shorter 
lead-time, costs can be pointed directly in modules and modularization helps in 
component standardization and in the reduction of items. (Sarinko 1999) 
There are also challenges in product customization. The company must commit 
tightly in to modularization. Without the full commitment in product modulariza-
tion, it is a too expensive system for the company. In this case there cannot be two 
different modes of operation because the modularization of the company’s prod-
ucts is a strategic decision.  
A modular product gives less space for customizing compared to a single project-
specific product. Modular product interfaces need to be specified carefully, be-
cause the system flexes only inside these interfaces. Modular product develop-
ment and designing is more expensive and the product can weight more than non-
modular product. 
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4 DESIGN FOR MANUFACTURE AND ASSEMBLY (DFMA) 
When products are developed, one of the main things is that the product can be 
manufactured and assembled. We also know that the same product can be de-
signed in many ways. This is the thing what makes the difference between good - 
and the bad product. A matter what should not be underestimated in product de-
veloping, is that made decisions during the designing process have a big role in 
final cost of the manufactured product. Traditionally, designers take the response 
only for designing and production takes responsibility for manufacturing and 
problem solving which are coming along the way. The interaction between de-
signers and the people in production is minimized and the problems are not rec-
ognized in time. This way of acting is called “ throwing over the wall”. (Figure 2)
e)  
Figure 13. “Throwing over the wall”. (Boothroyd et al. 1994) 
Mostly the process is acting quite well in the traditional way, but at times it leads 
to point where production problems comes out when the product is already in 
production. This causes unnecessary work because of redesigning and new revi-
sions making in PDM. This means bigger total costs for the product. To prevent 
these problems, the manufactural side is need to take consider already in product 
designing. A seamless co-operation between R&D and production in product de-
veloping is necessary to achieve good results. (Boothroyd et al.1994) 
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DFMA (Design for Manufacture and Assembly) is a tool how developed products 
can be designed in a more manufacturing and assembly friendly way. It is every-
one’s benefit in the company that products can be made more cost effectively, 
with a better quality and more reliably in a shorter period. (Laakko et al. 1998) 
4.1 DFMA-Design 
Although designers take products manufacturability into consideration and how 
the product can be assembled, there is always a better way to do the product. De-
sign for Manufacture and Assembly (DFMA) as a method aims to the most profit-
able construction, without forgetting the required specifications and customers 
“needs” of the product. DFMA is a part of the product concept and detail design 
and it comes along with the whole product development process. DFMA consists 
of two different method, manufacturing – and assembly friendly designing 
(DFM/DFA). The objective of these methods intends to achieve optimal construc-
tion for the product.  
In DFMA, the product is evaluated iteratively by questioning the structure and 
components from the point of view of manufacture and assembly. For example, in 
this way unnecessary components and fastenings can be eliminated in the product. 
The process can be made several rounds for the same product and keep doing it 
until satisfied results is achieved (Laakko et al. 1998, ps.184-185) 
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Figure 14. DFMA-Process 
The purpose in DFMA is not to make designers’ work harder with endless given 
orders and requirements on the production. But to give support for designers to 
design optimised products for the manufacturing equipment’s, which are used in 
the company. When designers and employees from the factory evaluate and opti-
mise the product structure together, all the knowledge and knowhow inside the 
company can be utilized. (Koukkunen 2010, ps.50-51)  
Though there are common guidelines for implementing DFMA, every company 
has to determine its own protocol how to use it. (Koukkunen 2010, ps.50-51) The 
DFMA analysis must be done in the same way each time, and it should be docu-
mented properly for future reference. The analysis process must be made clear and 
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logical. When the DFMA process comes familiar to the members who are doing 
it, the analysis can be done efficiently and results can be achieved. (Boothroyd 
1994) 
Some guidelines of DFMA are listed below (Laakko et al. 1998, p.188; Kouk-
kunen 2010, p.52) 
 minimize the number of parts in the product 
 minimize the number the assembly surfaces in components 
 ease component fitting 
 maximize compatibility of components 
 maximize component symmetry 
 optimise component handling 
 reduce separate fastenings between components 
 use standard components 
 design components so that they are easy to manufacture 
 design reusable components  
 use self-locking components 
 use top-down designing 
 design components for several targets 
 use modular designing 
 clear and well-made documents for the production 
 good knowledge from the different manufacturing methods 
4.2 Design for Assembly (DFA) 
In Designing for Assembly (DFA) costs caused by the main assembly and subas-
semblies of the product are tried to minimize. Costs from assembly are mostly 
caused by the number of components in the product and how fast components can 
be fitted and mounted to each other. (Laakko et al. 1998, p.188) 
DFA comes along with the whole design process. DFA is used already in the con-
cept phase, when the product structure is analysed for the  first time. It is im-
portant to evaluate properly preliminary costs caused by the product manufactur-
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ing and think how the product main assembly and subassemblies during the pro-
duction can be eased. Also the possibility to field service should be thought well 
in the concept design. (Boothroyd 1994) 
When the necessity of a component in the product is evaluated, the issue should 
be approached the following three questions: 
 Does the component need to move against others?  
 Does the component need to be different material than others parts? 
 Is there a need to remove the component during the assembly or mainte-
nance? 
 If none of these questions cannot be answered affirmatively, it might be possible 
to remove or integrate the component in to other parts of the product. (Laakko et 
al. 1998) 
Features that affect component manual handling and what should be taken into 
consideration carefully in an early phase of designing (Boothroyd 1994, p.74): 
 Size 
 Weight 
 Fitting and placing 
 Mounting 
 Sensitive surfaces 
 Flexibility 
 Necessity to use two hand 
 Necessity to use grasping tools 
 Necessity to use mechanical assistance 
 
DFA as a tool gives guidelines for designers to simplify the product so that sav-
ings can be achieved which are caused from assemblies. The process should  be 
made and documented properly using the same methods every time. When reports 
are made comparable, gathered information can be formed as a database where 
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designers can easily make a research of the DFA analyses on products which are 
made during the history. Collected information helps also less experienced de-
signer to avoid “the range of rocks” when there are good references from the ear-
lier design processes. (Boothroyd 1994, p.63) 
4.3 Design for Manufacture (DFM) 
Instead of evaluating the main structure of the product and pruning the number of 
components in the product, design for manufacture (DFM) take a stand for com-
ponent manufacturability during the design process. Partly DFM takes a stand for 
the same things as DFA and evaluating processes are the same. The difference 
between DFA and DFM in a nutshell is that DFA takes a stand how the product is 
structured and DFM takes a stand how the product is manufactured. 
There are two types of costs which are caused during the manufacturing.  First,  
there are costs caused directly by component manufacturing, such as like used 
materials, machines, tools, the number of work phases and the salaries of employ-
ees. Secondly, there are third-party costs which are made up of information, stor-
age, purchasing, energy and waste. These are the issues which DFM tries to influ-
ence cost reductively. (Laakko et al., 1998) 
Typically, most of the cost increasing “faults” in the design comes from incom-
prehension of the manufacturing processes. For example unnecessary details, tol-
erances and parts, which need several different work phases to manufacture are 
ones to mention. This why it is important to understand the manufacturing pro-
cesses and cumulative costs caused by machines, tools and manufacturing times. 
(Laakko et al. 1998) 
Component standardization is also a very effective thing in cost reducing. The 
DFM process is usually most profitable for standard components, because pro-
cess-cycle can be made several times to same component. There are many other 
advantages in standardization. A few advantages are mentioned here which can be 
achieved with standardizing the components: 
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 No need to modelling and drawing because all needed information is ready 
in PDM. 
 Standardized component functionality and manufacturability is tested and 
verified to work.  
 Components can be manufactured in larger series. 
 Reducing total costs by saving time in design, work planning, machine 
program editing and manufacturing time. 
By standardizing its own functions and components, the company can manufac-
ture more reliable products and contribute to achieve faster product lead times 
from order to delivery. 
The progress of the DFM-process should be done systematically and documented 
properly every time when it is made for future reference, as mentioned earlier. 
Thus, there are separate DFA and DFM applications in the market, the challenge 
for using these applications is that it adds one work phase more in the product de-
sign. Efficient ways to implement DFMA are clear documentations which can be 
added in PDM as an attribute. Component standardization and - modularization 
can be integrated in the CAD system by forming component libraries. This why 
the PDM and CAD systems should be linked together for contributing an efficient 
and reliable product- and CAD data management. 
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5 CONCLUSIONS 
The result of the thesis was a research of the possibilities to modularize custom-
made products and product modularization. Based on the study a sheet metal sub-
assembly was modelled by using the methods and principals of a modular product 
structure. In the practical work, the interfaces between subassembly components 
were paid attention to, so that the changes in the future and variations can be de-
limited clearly in separate components and possible component swapping can be 
easily done inside the subassembly. As a result of the work, a suggestion was 
made how to implement a modular product structure for these products. 
The work started with the research of product customization and the possibilities 
to modularize customized products. Quite fast it became clear that there were 
many researches made of this subject because nowadays customers want tailored 
products with short delivery time in a competitive price. It turned out that product 
modularization was proposed in many cases. The modular product structure ease 
the product variability and product lifecycle management. When the modular 
product structure is working, the product customizing is much more efficient 
comparing traditional engineer to order product designing. However, this requires 
the commitment for all involved persons, because the decision to start modularize 
the company products is a strategic decision.  
The most instructive thing in the whole study case was the purpose of the well-
thought and clear product structure. It forms a basis for fluent product manage-
ment and lengthens the product lifecycle. It is also a basis for functional top-down 
designing. When the product structure is clear, the DFMA methods are easy to 
implement in product designing. These two issues were raised in the module de-
velopment case.  
The plan was to do the research and the case study in four months. The schedule 
was tight but feasible. In the personal schedule for the thesis, week 19 was marked 
as an the ending week for the whole thesis process. According to this the work 
was completed within the schedule. 
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The suggestions for the further development were a proposal of the way to im-
plement modularization and modular platform for these products. Another sugges-
tion is to acquire an effective tool for PDM to ease the CAD data control of the 
product platform.  
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